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Abstract--Down syndrome is one of the most common chromosome abnormalities in humans genetically recognized as autosomal aneuploidy 
associated with physical growth delays, characteristic facial features, poor immune system and mild to moderate intellectual disability with 
average IQ value 40. It is associated with the development of multiple phenotypic as well as physiological effects such as congenital heart 
defect, epilepsy, leukemia, thyroid diseases, and mental disorders. It can be caused by different genetical mechanisms such as trisomy 21, 
translocation and mosaicism. Down syndrome can be identified during pregnancy by prenatal screening followed by diagnostic testing or 
after birth by direct observation and genetic testing. 
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I. INTRODUCTION 

Down syndrome is one of the most common chromosome abnormalities in humans genetically recognized as autosomal aneuploidy  associated 
with physical growth delays, characteristic facial features, poor immune system and mild to moderate intellectual disability with average IQ 
value 40, equivalent to the mental ability of an 8 or 9-year old child [1,2]. A number of health problems such as congenital heart defect, epilepsy, 
leukemia, thyroid diseases, and mental disorders are more frequently found in such individuals. Down syndrome accounts for occurrence of 8% 
congenital malformations. It is named after John Langdon Down, a British doctor who fully described the syndrome in 1866[3]. Since affected 
individuals shared facial similarities with those of Mongolian race, John Langdon Down used the term Mongoloid or Mongolian Idiocy for this 
genetical disorder [4,5].The World Health Organization (WHO) dropped the term in 1965 after a request by the delegation from the Mongolian 
People's Republic [6].Down syndrome is caused by the presence of all or part of a third copy of chromosome 21 and the offspring usually has 
47 chromosomes instead of 46. Since extra chromosome belongs to group G of human karyotype, Down syndrome is also called G-trisomy.The 
origin of extra chromosome is either maternal or paternal. In most of the cases, the extra chromosome is from the mother. The parents of the 
affected individual are typically genetically normal but its probability of occurrence in the child increases with increase in maternal age as 
evident from the facts and observations related with its probability. It ranges from less than 0.1% in 20 year old mothers to 3% in those age 
45[7]. This increased risk in older females is due to the factors that adversely affect meiotic chromosome behavior with advancement of woman 
age. In human females, meiosis starts in the foetus to produce egg cells but it is not completed until after the egg is fertilized. During the long 
time prior to fertilization, egg cells are arrested in prophase-I. In this suspended state, the chromosomes may become unpaired. The longer the 
time in prophase-I, greater the chance for unpairing and chromosome nondisjunction. Prevalence of Down syndrome is high in those countries 
where abortions are banned as well as in those countries where there are cases of late pregnancy. Its frequency is about one per 1,000 babies 
every year [8,9]. Down syndrome can be identified during pregnancy by prenatal screening followed by diagnostic testing or after birth by direct 
observation and genetic testing [10].  
 

II. MORPHOPHYSIOLOGICAL EFFECTS OF DOWN SYNDROME 

 
Down syndrome is associated with the development of multiple phenotypic as well as physiological effects thereby, reducing the survival rate 
of affected individuals. 

 
2.1 Physical abnormalities 

 

Patients with Down syndrome may have some or all of these physical characteristics such as short stature, small chin, flat faces, flat nasal bridge, 
short neck, rounded heads, upward slant of eyes, epicanthal folds (extra skin folds at the medial corners of eyes), small arched  palate, furrowed 
protruding tongue, small ill formed ears, short stubby fingers, characteristic fingerprint patterns with many loops on finger tips, single palm 
crease, poor muscle tone with excessive joint flexibility, extra space between big toe and second toe [11-14]. 
 

2.2 Neurological abnormalities 
 

The affected individuals generally have low mental abilities with average IQ value 40. As they age, people with Down syndrome typically 
perform less well than their same-age peers [15,16].Some after 30 years of age may lose their ability to speak. Between 10 and 45% have either 
a stutter or rapid and irregular speech, making it difficult to understand them [17].Such individuals may show delayed development as indicated 
by their ability to crawl that get acquired around 8 months rather than 5 months and the ability to walk independently that acquired around 21 
months rather than 14 months[18].People with Down syndrome are at increased risk of epileptic seizures called infantile spasms, which occur 
in 5–10% of children and up to 50% of adults.  
 

2.3 Sensory abnormalities 
 

Individuals with may show vision abnormalities (38-50%) such as Brushfield spots, strabismus, Keratoconus, glaucoma and cataract. The 
auditory abnormalities may occur up to the extent of 50–90% due to otitis media and chronic ear infections [19].    
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2.4 Cardiac abnormalities 
 

The rate of congenital heart disease in newborns with Down syndrome is around 40%. Of those with heart disease, about 80% have an 
atrioventricular septal defect or ventricular septal defect with the former being more common. Bicuspid valve problems become common as 
people age, even in those without heart problems at birth.  
 

2.5 Cellular abnormalities 
 
The risk of leukemia (10 to 15 times more common) and testicular cancer is increased and risk of solid cancers is reduced among Down’s 
syndrome affected individuals. Since tumor suppressor genes present on chromosome 21, hence, their increased expression reduces the chances 
of occurrence of solid tumors[20].The acute lymphoblastic leukemia is 20 times more common and the megakaryoblastic form of acute myeloid 
leukemia is 500 times more common[21]. 
 

2.6 Endocrine abnormalities 
 

Problems of the thyroid gland such as Graves' disease or autoimmune hypothyroidism as well as congenital hypothyroidism occur in 20–50% 
of individuals with Down syndrome [22].   
 

2.7 Digestive tract abnormalities 
 

GIT abnormalities such as constipation, Hirschsprung's disease (due to a lack of nerve cells controlling the colon) and other frequent congenital 
problems like duodenal atresia, pyloric stenosis, Meckel diverticulum, imperforate anus occurs in people with Down syndrome and may result 
in changes in behavior [23,24]. Individuals with Down syndrome tend to be more susceptible to oral manifestations such as enlarged hypotonic 
tongue, crusted and hypotonic lips, mouth breathing, narrow palate with crowded teeth, gingivitis [25-29]. 
 

2.8 Reproductive abnormalities 
 

Males with Down syndrome are usually sterile due to problems with sperm development while females have lower rates of fertility [30]. 
Menopause typically occurs at an earlier age in such females. Testicular cancers may occur in affected males. 

 

III. GENETICAL BASIS OF DOWN SYNDROME 

 
 Down syndrome can be caused by different genetical mechanisms such as trisomy 21, translocation and mosaicism [31,32]. The most common 
cause (about 92–95% of cases) is a complete extra copy of chromosome 21, resulting in trisomy 21. It results due to  an error in cell division 
called “nondisjunction.” Nondisjunction results in an embryo with three copies of chromosome 21 instead of the usual two. Prior to or at 
conception, a pair of 21st chromosomes in either the sperm or the egg fails to separate. As the embryo develops, the extra chromosome is 
replicated in every cell of the body. This type of Down syndrome, which accounts for 95% of cases, is called trisomy 21. About 88% of cases 
of trisomy 21 result from nonseparation of the chromosomes in the mother, 8% from nonseparation in the father, and 3% after the egg and sperm 
have merged [33]. Due to trisomy of 21 chromosome, the extra genetic material present results in overexpression of a portion of the 310 genes 
located on chromosome 21. A study indicated that the Down syndrome critical region is located at bands q22.1–q22.3 on 21st chromosome that 
includes genes for amyloid, superoxide dismutase and likely the ETS2 proto oncogene [34]. The dementia which occurs in Down syndrome is 
due to an excess of amyloid beta peptide produced in the brain and is similar to Alzheimer's disease. It is coded by amyloid gene located on 
chromosome 21 [35]. Unbalanced translocation also referred as Robertsonian translocation, between chromosome number 13, 14, 15, 22 and 
chromosome 21 may lead to the development of Down syndrome in 4% cases. This has a high familial recurrence and the commonest 
translocation is between chromosome 14 and 21. Such individuals will have a total of 46 chromosomes but partial trisomy of chromosome 21. 
Mosaicism or mosaic Down syndrome is diagnosed when there is a mixture of two types of cells, some containing the usual 46 chromosomes 
and some containing 47. Those cells with 47 chromosomes contain an extra chromosome 21.Mosaicism is the least common form of Down 
syndrome and accounts for only about 1% of all cases of Down syndrome. 

 

IV. DIAGNOSIS AND MANAGEMENT 

 

In order to minimize the prevalence of Down syndrome, all pregnant women must undergo screening for this syndrome regardless of their age 
as per the NIH guidelines [36,37]. Confirmatory tests such as Amniocentesis or Chorionic villus sampling are needed to confirm the diagnosis 
before birth. After birth, an analysis of the child's chromosomes is needed to confirm the diagnosis and to determine if a translocation is present. 
Ultrasound imaging done during 14 to 24 weeks of pregnancy can indicate increased risk to Down’s syndrome if it shows a small or no nasal 
bone, large ventricles, nuchal fold thickness, and an abnormal right subclavian artery in the foetus [38]. Detection of α-fetoprotein, unconjugated 
estriol, total hCG, and free βhCG  in blood may further used to screen down’s syndrome [39,40].Children affected with Down syndrome should 
get an electrocardiogram and ultrasound of the heart at the time of birth. Surgical repair of heart problems may be required as early as three 
months of age [41]. Heart valve problems may occur in young adults and further ultrasound evaluation may be needed in adolescents and in 
early adulthood. Hearing aids or other amplification devices can be useful for language learning in those with hearing loss. As those with Down 
syndrome typically have good hand-eye coordination, learning sign language may be possible. Behavioral issues and mental illness are typically 
managed with counseling or medications. School-age children with Down syndrome may benefit from inclusive education whereby students of 
differing abilities are placed in classes with their peers of the same age [42]. National Down Syndrome Society views the goal as one of mutual 
respect and acceptance, not appearance [43]. 
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V. CONCLUSION 
 

Efforts are underway to determine how the extra chromosome 21 material causes Down syndrome, as currently this is unknown. One ray of 
hope is to use stem cells therapy to improve intelligence in those with the syndrome [44]. Other methods being studied include the use of 
antioxidants, gamma secretase inhibition and adrenergic agonists [45].  
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